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論　文　内　容　要　旨　一
The effect of channel couplings, that is, the coupling of the relative motion between the colliding nuclei
to theirintrinsic motions as well as transfer processes has been by now well known in heavy-ion collisions
ar.und the C.ul.mb barrier. These channel couplings replace a single barrierwith many distributed barriers･
In the fusion reaction, this barrier distribution can be extracted by taking the second derivative of the
product of the center of mass energy'E,and the fusion cross section･恥With respect to E･ i･e･･ Dbs-
d2 (E仇S)/dE2and many experiments have been performed for that purpose･
A simila, barrier distributi.n can also be obtained from the quasi-elastic scattering (a sum of elastic,
helastic scattering and transfer process) at backward angles･ Fusionand quasi-elastic scattering are related
to each other because offlux conservation, i.e., the fusion is determined by the penetration probability
while quasi-elastic scattering by the re爪ection probability･ The quas卜elastic barrier distribution is defined
as the Brst derivative of the ratio of the quasi-elastic to Rutherford cross sections with respect to the
energy, i.e. Dqe1- -d (dqqe. /dqR)/dE. Althoughthere have been many studies on the properties of the
fusion barrier distribution, D hs, the theoreticalinvestigation on the quasi-elastic barrier distribution･ DqeL･
has been rather scarce. The purpose of this thesis is to study the properties of the quasi-elastic barrier
distribution in comparisonwith the fusion barrier distribution･ The applicability of the barrier distribution
concept in massive systems is also investigated･
A theoretical &amework to describe the channel coupling is first reviewed･ The coupled channels formalism
isintroduced using the so-called no-Coriolis approximation which reduces its dimensions･ The method to
solve the coupled-channels equations for heavy-ion fusion reaction and quas卜elastic scattering is formulated･
The coupled-channels equations are then applied to heavy-ion fusion reactions at sub-barrier energies･
This aims at studying weather an analysis offusion barrier distribution can probe the structure of72J4 Gel
We discuss the possibility to probe the transitional shape of 74Ge throughthefusion reaction of 74Ge+74Ge･
we also discuss the effect of shape admixture in the ground state of 72Ge on the fusion of 72Ge +72Ge･
we next apply the coupled-channels formalism to the large-angle quasi-elastic scattering･ We first
investigate the effects of anharmonic vibration in 144sm on )60+144sm scattering･ The same coupling schemes
which were previously used to explain the experimentalfusion cross section and barrier distribution for
the same system is employed･ It is shown that the anharmonic excitations in 144sm play an important role
in the description or experimental quasi-elastic cross section, although the quasi-elastic ba汀ier distribution
＼
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has a distinct high energy peak which is somewhat smeared in the experimental barrier distribution. The
effect of proton transfer reaction on this system is also discussed･ We suggest that the experimental data
for the barrier distributions offusion reaction and quasi-elastic scattering can not be accounted for
simultaneously with the standard coupled-channels approach.
Finally, we cany out a detailed co岬led-channels analysis fわr large-angle quasi-elastic scattering in
massive systemsI We perform a systematic study on the effects of multi-phonon excitations on the quasi-
elastic cross sections as well as the barrier distributions fわr 48Ti, 54cr, 56Fe, 64Ni, and 70zn + 208pb reactions.
The present coupled-channels calculations well account for the overau width of the experimental barrier
distribution for these systemsI In particular, it is shown that the calculations taking into account single
quadrupole phonon excitation in 47i and triple octupole phonon excitations in 208pb reasonably well reproduce
the experimental quasi-elastic cross section and barrier distribution for the 48Ti + 208pb reaction. On the
other-'hand･ 54cr, 56Fe, 64Ni･ and 70zn + 208pb systems seem to require the double quadrupole phonon




























従って､ Muhammad Zamn F.提出の博士論文は､博士(理学)の学位論文として合格と認める｡
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